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Change in Somatostatinergic Tone of Acromegalic Patients 
according to the Size of Growth Hormone-Producing Pituitary 
Tumors

The aim of this study was to investigate the relationship between somatostatinergic tone 
(SST) and the size of growth hormone (GH)-producing pituitary tumors. GH levels of 29 
patients with newly diagnosed acromegaly were measured using a 75-gram oral glucose 
tolerance test (OGTT), an insulin tolerance test (ITT), and an octreotide suppression test 
(OST). Differences between GH levels during the ITT and the OGTT (ΔGHIO), and between 
the OGTT and the OST at the same time point (ΔGHOS) were compared according to the size 
of the tumor and the response pattern to the OST. ΔGHIO of macroadenomas (n = 22) was 
non-significantly higher than those of microadenomas while ΔGHOS of macroadenomas 
were significantly higher than those of microadenomas. According to further analyses of 
macroadenomas based on the response pattern to the OST, GH levels during the ITT were 
significantly higher in non-responders. ΔGHOS showed near-significant differences between 
responders and non-responders. In conclusion, as the size of the pituitary tumor increases, 
the effect of glucose on SST appears to be attenuated. Macroadenomas that are non-
responders to the OST possess a portion of GH secretion exceeding the range of regulation 
by SST.
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INTRODUCTION

Somatostatinergic tone (SST) can be defined as the inhibiting 
potential of somatostatin against the secretion of various hor-
mones including GH. It was reported a positive correlation be-
tween pituitary tumor volumes and pre-surgical levels of GH (1, 
2), and thus it may be assumed that an inappropriate SST re-
sponse in tumoral status may also contribute to this relation-
ship. However, few studies have documented how SST respons-
es or varies with the size of pituitary adenomas because there 
has been no direct method developed to quantitatively mea-
sure SST. The very short half-life of endogenous somatostatin 
may complicate the development of such methods. Our previ-
ous study attempted to evaluate SST by performing the com-
bined glucose and thyrotropin-releasing hormone (TRH) test. 
It was found that hyperglycemia suppressed TRH-induced TSH 
secretion by enhancing SST in healthy volunteers (3). 
 There are various methods available that measure GH level 
by manipulating glucose levels or adding somatostatin ana-
logues. The oral glucose tolerance test (OGTT) and insulin tol-
erance test (ITT), for example, measure the variation in GH se-
cretion due to changes in blood glucose levels. In addition, the 
octreotide suppression test (OST) is often used to predict the 

response to long-term treatment with somatostatin analogues 
or to verify their gastrointestinal tolerability (3, 4). All of these 
tests should inevitably accompany a change of SST secondary 
to either the change in glucose levels or the action of somatos-
tatin analogues. Rapid inhibitory effect of hyperglycemia upon 
GH secretion may be due to somatostatin from hypothalamus 
(5), and it has been also suggested that this somatostatin re-
lease accompanies the modulation of SST (6). Therefore, the 
change in SST can be regarded as an intermediate link between 
glucose and GH secretion, and integrated analysis of the results 
of these tests could be a practical tool to evaluate SST in pitu-
itary adenomas.
 It is well known that the GH secretion in acromegalic patients 
is characterized by enhanced basal secretion (7). We hypothe-
sized that one of the reasons for such changes in GH secretion 
profile in acromegalic patients may be due to the inappropriate 
SST response in tumoral status. There are currently no published 
reports regarding the analysis of SST according to the size of pi-
tuitary adenomas. The purpose of this study was to observe 
how SST responded in association with changes in glucose lev-
els and how such responses differed according to tumor size. 
SST responses according to the responsiveness of macroadeno-
mas to acute octreotide administration were also investigated. 
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MATERIALS AND METHODS

Patients
A total of 167 patients newly diagnosed with acromegaly at Kyung 
Hee University Hospital between 1991 and 2008 was initially 
screened. Among these patients, 29 patients (14 men and 15 
women, aged 22-69 yr) who underwent both the ITT and the 
OST during the diagnostic work-up procedure for acromegaly 
were enrolled. None of these patients had received treatment 
before the study. The diagnosis of acromegaly was made when 
insulin-like growth factor-I (IGF-I) was above the age- and sex-
adjusted reference range and an OGTT failed to suppress GH 
levels below 1 μg/L. Pituitary adenomas were identified in all 
patients by magnetic resonance imaging (MRI). Microadenoma 
was defined as an intrasellar tumor with a diameter less than 10 
mm, and macroadenoma was defined as a tumor having a di-
ameter greater than 10 mm and impinging upon adjacent sellar 
structures. All endocrine tests were performed on separate days. 
Blood samples from each patient were run in the same assay 
and in duplicate. 

Oral glucose tolerance test
The OGTT was performed after an overnight fast. Patients had 
blood samples taken at baseline (0 min) and then at 30, 60, 90, 
and 120 min after drinking 75 g of a glucose solution. Blood was 
allowed to clot at room temperature for 15 min, after which the 
blood was centrifuged and the serum frozen at -80°C in multi-
ple aliquots. Fasting blood samples were assayed for IGF-I. Blood 
samples from all time points were assayed for GH levels. 

Insulin tolerance test 
Patients fasted overnight for at least 10 hr before undergoing 
the ITT. After sampling baseline GH levels, regular human in-
sulin (RI) (0.15-0.20 U/kg) was administered intravenously with 
a target blood glucose level of less than 40 mg/dL (8). All of pa-
tients reached their blood glucose level below 40 mg/dL at 30 
min. Additional insulin boluses were administered if needed to 
achieve the target glucose value unless the investigator believed 
this to be unsafe. Intravenous administration of dextrose was 
allowed if the patient experienced hypoglycemic symptoms. 
Patients had blood samples taken at 30, 60, 90, and 120 min. 
Blood samples from all time points were assayed for GH levels. 

Octreotide suppression test
After an overnight fast, all patients had baseline blood samples 
taken for GH, and 100 μg of octreotide (Sandostatin®, Novartis, 
Basel, Switzerland) was then administered intravenously. Blood 
sampling for GH testing was continued every hour for four hours. 
Responders to the OST were defined as those whose nadir GH 
level was less than 2.5 μg/L during the test (9). 

Measurement of GH and IGF-I
Serum GH concentration was measured before 2005 with com-
mercial radioimmunoassay (RIA) kits (HGH 100T Kit, Nichols 
Institute Diagnostics, San Juan Capistrano, CA, USA). These as-
say standards and controls were calibrated against the first 
World Health Organization (WHO) International Reference 
Preparation (IRP) International Standard (IS) 80/505. Its sensi-
tivity was 0.02 μg/L, and intra- and inter-assay coefficients of 
variation (CV) were 2.8%-4.2% and 3.5%-7.2%, respectively. 
Since 2005, commercial immunoradiometric assay kits to mea-
sure serum GH concentration were changed (hGH-RIACT, Cis-
bio Bioassays, Bedford, MA, USA). The sensitivity of this kit was 
0.01 μg/L. The intra- and interassay coefficients of variation 
(CV) ranges were 1.3%-2.1% and 3.8%-5.0%, respectively. Stan-
dards and controls for this assay were calibrated against the 
second WHO IRP IS 98/574. In order to correct the discrepancy 
between these two assays, the previously reported correlation 
equation (y = 0.6617x + 0.0692, R2 = 0.99) was applied (10). Se-
rum IGF-I concentrations were also measured by commercial 
immunoradiometric assay kits (IGF-I NEXT IRMA CT, IDA S.A., 
Liége, Belgium). The minimum detectable concentration of 
IGF-I was 1.25 μg/L. The intra- and interassay CV ranges were 
2.6%-4.4%, and 7.4%-9.1%, respectively. 

Data analysis
We first compared GH levels between macroadenomas and 
microadenomas measured during the OGTT, ITT, and OST. GH 
levels during the ITT may represent the maximum GH secreto-
ry capacity of tumor cells and any remaining normal somato-
trophs during insulin-induced hypoglycemia. On the other hand, 
the OGTT creates a hyperglycemic environment that suppress-
es GH secretion. We calculated ΔGHIO by subtracting GH levels 
measured during the OGTT from those measured during the 
ITT (ΔGHIO = GHITT-GHOGTT, at 0, 30, 60, 90, and 120 min). We 
assumed that ΔGHIO represents the amplitude of GH under the 
effect of SST which is enhanced by the glucose elevation during 
the OGTT, and the values were compared according to tumor 
sizes. 
 We also defined ΔGHOS as the difference in GH between the 
OGTT and the OST, calculated by subtracting the GH levels 
measured during the OST from those measured during the 
OGTT (ΔGHOS = GHOGTT-GHOST, at 0, 60, and 120 min, respec-
tively). This measurement was used to investigate the extent of 
suppression of GH secretion not achievable only by hypergly-
cemia-induced SST during the OGTT but with additional other 
pharmacologic interventions such as somatostatin analogues. 

Statistical analysis
Baseline characteristics were described as mean and standard 
deviation. The nadir GH levels during the OGTT and the OST 
were defined as the lowest GH at any time point during the two 
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tests. The peak GH level during the ITT was defined as the high-
est GH at any time point during the test. Since the data were ex-
pected not to achieve the normal distribution due to the small 
sample size, we applied the non-parametric test such as the 
Mann-Whitney test for statistical comparison of age and BMI, 
basal GH and IGF-I, and peak and nadir GH levels during the 
tests between patients with macroadenomas and microadeno-
mas. A linear mixed model (LMM) was used to compare GH 
levels between macroadenomas and microadenomas during 
the test. LMM was also used for the analysis of ΔGHIO, and ΔGHOS 
based on tumor size. All statistical analyses were performed 
with PASW (version 18.0; SPSS Inc., Chicago, IL, USA), and a P-
value < 0.05 was considered statistically significant. 

Ethics statement
This study was approved by the institutional review board (IRB) 
of Kyung Hee University Hospital (IRB No. KMC IRB 1305-08). 
The informed consents from the subjects were waived by the 
borads due to the retrospective design of this study.

RESULTS

Twenty-two of 29 patients had macroadenomas (mean width 
19.9 ± 6.7 mm), and 7 patients had microadenomas (mean 
width 6.5 ± 2.7 mm). It was found that only 50% of macroade-
nomas (11/22) could be classified as responders to the OST, 
whereas the majority of microadenomas (6/7) were responders 
(Table 1). Those with macroadenomas were mostly categorized 
as either grade III or IV of Hardy classification (11). In addition, 
9/29 patients were diagnosed as having diabetes mellitus and 
10/29 as prediabetes after their OGTT.
 Age and BMI did not show any significant differences (Table 
2) when comparing baseline characteristics by tumor size. Bas-
al GH levels were significantly higher in those patients with ma-
croadenomas (P = 0.002), but IGF-I levels did not show signifi-
cant difference based on tumor size (P = 0.077). 
 Peak GH levels during the ITT were similar between mac-
roadenomas and microadenomas (Table 2), and overall GH 
levels during the ITT did not differ according to tumor size (Fig. 
1A). Nadir GH levels during the OGTT and the OST were signif-
icantly higher in macroadenomas than in microadenomas (Ta-

Table 1. Clinical and laboratory findings of 29 patients with newly diagnosed acromegaly

Patient No. Age (yr)/Sex BMI (kg/m2)
Maximum tumor 

width (mm)
Hardy class

ITT, peak GH 
(μg/L)

OGTT, nadir GH 
(μg/L)

OST, nadir GH 
(μg/L)

Response to 
the OST

  1 47/F 28.2 17 IV-D 3.5 6.6 0.8 Responder
  2 30/M 28.1 10 IV-D 19.9 11.5 0.2 Responder
  3 48/M 23.5 17 I-A 20.0 14.0 0.4 Responder
  4 39/M 27.8 17 III-E 42.2 24.5 1.0 Responder
  5 40/M 23.3 15 IV-E 36.2 20.8 0.8 Responder
  6 37/M 24.7 22 IV-D 26.5 5.2 1.1 Responder
  7 46/M 27.1 22 IV-D 38.0 11.0 1.8 Responder
  8 56/F 30.3 14 IV-D 45.0 14.3 1.7 Responder
  9 36/M 26.0 17 IV-D 35.2 7.2 1.8 Responder
10 37/F 22.8 12 II-A 22.8 6.5 2.1 Responder
11 69/M 29.7 26 IV-D 42.7 40.0 1.3 Responder
12 59/F 25.5 22 IV-D 25.3 10.3 6.2 Non-responder
13 39/F 26.3 35 IV-D 199.0 146.0 40.8 Non-responder
14 44/F 27.1 17 IV-D 63.2 43.6 3.2 Non-responder
15 50/F 23.7 19 I-A 35.4 15.9 4.0 Non-responder
16 22/F 23.4 26 IV-C 95.9 54.3 18.5 Non-responder
17 40/M 26.9 20 IV-C 62.0 68.0 2.9 Non-responder
18 26/F 32.8 14 IV-C 95.0 38.0 31.0 Non-responder
19 42/M 27.9 35 IV-D 30.2 23.8 2.9 Non-responder
20 27/F 26.1 14 IV-D 32.0 16.0 8.8 Non-responder
21 55/M 22.7 23 IV-C 24.4 11.2 6.4 Non-responder
22 27/F 27.9 26 IV-D 98.0 7.3 6.0 Non-responder
23 49/F 24.5   9 I-A 39.4 8.3 0.08 Responder
24 28/M 24.6   9 I-A 28.9 8.3    0.2 Responder
25 28/F 21.8   2 I-A 8.7 1.4 0.02 Responder
26 43/F 27.8   4 I-B 57.0 3.1 0.06 Responder
27 41/M 33.2   6 I-A 26.3 1.5  0.05 Responder
28 26/F 23.4   7 I-A 86.0 3.4 1.2 Responder
29 50/M 28.1   9 I-B 50.0 23.6 4.2 Non-responder

BMI, body mass index; ITT, insulin tolerance test; GH, growth hormone; OGTT, oral glucose tolerance test; OST, octreotide suppression test. 
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Table 2. Baseline characteristics of patients with acromegaly according to their tu-
mor sizes

Characters Macroadenoma Microadenoma P

Number of patients 22 7
Age (yr) at diagnosis 41 ± 11 37 ± 10 0.683
BMI (kg/m2) 26.4 ± 2.6 26.2 ± 3.8 0.709
Basal GH (µg/L) 26.3 ± 22.8 4.7 ± 3.8 0.002*
Basal IGF-I (µg/L) 1,001 ± 315 706 ± 340 0.077
Peak GH at ITT (µg/L) 50.1 ± 41.8 40.9 ± 24.3 0.959
Nadir GH at OGTT (µg/L) 26.9 ± 31.4 6.9 ± 8.0 0.007*
Nadir GH at OST (µg/L) 6.5 ± 10.4 0.8 ± 1.5 0.005*

Data were expressed as mean ± standard deviation. The Mann-Whitney test was 
used for the statistical analysis of the comparison between macroadenomas and mi-
croadenomas. BMI, body mass index; GH, growth hormone; IGF-I, insulin-like growth 
factor-I; ITT, insulin tolerance test, OGTT, oral glucose tolerance test; OST, octreotide 
suppression test. *P < 0.05.

Fig. 1. Comparison of GH levels between macroadenomas and microadenomas during (A) the ITT (B) the OGTT (C) the OST: Data represent mean±standard error. LMM was 
used for the statistical comparison. GH, growth hormone; ITT, insulin tolerance test OGTT, oral glucose tolerance test; OST, octreotide suppression test; LMM, linear mixed model.
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Fig. 2. Change in difference of GH levels (A) between the ITT and the OGTT (ΔGHIO); (B) between the OGTT and the OST (ΔGHOS) in macroadenomas and microadenomas. Data 
represent mean± standard error. LMM was used for the statistical comparison. GH, growth hormone; ITT, insulin tolerance test; OGTT, oral glucose tolerance test; OST, octreo-
tide suppression test; Macro, macroadenomas; micro, microadenomas; LMM, linear mixed model.
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ble 2; P = 0.007 and 0.005, respectively). Such differences were 
examined at the nadir GH and during the entire test time dur-
ing both the OGTT and the OST (Fig. 1B; P = 0.028, Fig. 1C; P =  
0.033). 
 ΔGHIO in microadenomas during the entire test time showed 
a tendency to be higher than macroadenomas (Fig. 2A; P = 0.066). 
A rapid elevation of ΔGHIO, peaking at 60 min and declining af-
terward (-1.2 μg/L at 0 min, 24.7 μg/L at 60 min, and 7.6 μg/L at 
120 min), was apparent in patients with microadenomas. Such 

a change was not observed with macroadenomas (-1.9 μg/L at 
0 min, 5.6 μg/L at 60 min, and 5.3 μg/L at 120 min). Patients with 
microadenomas appeared to have significantly lower ΔGHOS 
during the entire test time, with more a marked decline after 60 
min compared with macroadenomas (Fig. 2B; P = 0.042). 
 There were 11 macroadenomas responders in the OST. This 
means that SST in these macroadenomas substantially suppress-
ed GH secretion. Based on this, additional analyses were per-
formed according to the response of macroadenoma subjects 
to the OST (Table 3). The age and BMI of responders and non-
responders did not show any significant differences. Basal GH 
levels, but not IGF-I, were significantly higher in non-respond-
ers (P = 0.023 for basal GH). Non-responders also had a peak 
GH during the ITT and nadir GH during the OGTT and the OST 
that were significantly higher (Table 3). These differences in GH 
levels were observed during the entire two hours of each test 
(Fig. 3). Unlike ΔGHIO, ΔGHOS was different between respond-
ers and non-responders with borderline significance during 
the entire test time (Fig. 4). 

DISCUSSION

The present study was designed to investigate the change in 
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Table 3. Baseline characteristics of 22 patients with pituitary macroadenomas ac-
cording to their responsiveness to the octreotide suppression test (OST) 

Characters Responders Non-responders P

Number of patients 11 11
Age (yr) at diagnosis 44 ± 10 39 ± 12 0.519
BMI (kg/m2) 26.5 ± 2.6 26.3 ± 2.7 0.699
Basal GH (µg/L) 18.7 ± 12.8 55.7 ± 68.1 0.023*
Basal IGF-I (µg/L) 989 ± 340 1,017 ± 305 0.918
Peak GH at ITT (µg/L) 30.1 ± 12.7 70.1 ± 51.3 0.034*
Nadir GH at OGTT (µg/L) 14.3 ± 9.4 39.4 ± 40.5 0.034*
Nadir GH at OST (µg/L) 1.1 ± 0.6 11.8 ± 12.8 < 0.001*

Data were expressed as mean ± standard deviation. The Mann-Whitney test was 
used for the statistical comparison between responders and non-responders. BMI, 
body mass index; GH, growth hormone; IGF-I, insulin-like growth factor-I; ITT, insulin 
tolerance test; OGTT, oral glucose tolerance test. *P < 0.05.

Fig. 3. Comparison of GH levels between responders and non-responders of macroadenomas during (A) the ITT (B) the ITT (C) the OST. Data represent mean± standard error. 
LMM was used for the statistical comparison. GH, growth hormone; ITT, insulin tolerance test OGTT, oral glucose tolerance test; OST, octreotide suppression test; LMM, linear 
mixed model.
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SST response according to the size of GH-producing pituitary 
tumors. Due to the lack of quantitative and direct methods for 
measuring SST, we estimated the change in SST by analyzing 
GH levels measured during the OGTT, the ITT, and the OST. It 
was found that, as the size of tumors increased, the effect of 
glucose on SST decreased. Macroadenomas that were non-re-
sponders to the OST were more likely to contain a portion of 
GH secretion exceeding the regulatory capacity of SST.

 Under normal conditions, glucose loading during the OGTT 
stimulates hypothalamic somatostatin release (5). This possibly 
accompanies physiologic enhancement of SST (6), and thus re-
sults in the suppression of GH secretion. In contrast, the ITT 
depletes the glucose essential for cell survival, and consequent-
ly various counter-regulatory hormones including GH are re-
leased to compensate for hypoglycemia (12). The maximum 
level of GH secretion that hypoglycemic states can physiologi-
cally elicit is therefore induced by the ITT, and it is reasonable 
to assume that the difference in GH levels between the ITT and 
the OGTT (ΔGHIO) indirectly represents the amplitude of GH 
under the effect of SST which changes according to the differ-
ent glucose levels. Unfortunately, there have been no previous 
literature which introduced a direct method to measure SST, 
and it was inevitable to apply such an indirect method which 
used GH levels during various tests. 
 GH-producing pituitary adenomas in acromegalic patients, 
especially with macroadenomas in general possess a greater 
capacity for autonomous GH secretion and greater basal GH 
secretions (7). Obviously, it is shown in higher GH levels in ma-
croadenomas (Fig. 1B). However, the overall GH levels during 
the ITT did not differ (Fig. 1A). These findings suggest that al-
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though larger tumors produce greater GH secretion, the SST re-
sponse to hypoglycemia does not differ regardless of the tumor 
size in order to alleviate hypoglycemic conditions. In contrast, 
glucose loading during the OGTT enhances the SST response 
to inhibit GH secretion, and the degree of inhibition varies de-
pending upon the tumor size. This finding is consistent with a 
previous study by Mancini et al. which reported that the SST re-
sponse induced by glucose possibly produced different sup-
pressive effects on GH secretion depending on tumor size (13). 
BMI did not significantly differ between two groups (Table 2); 
thus, the possible influence of BMI upon GH secretion and ac-
tion can be excluded.
 This idea is further supported by our findings that ΔGHIO, de-
fined as the amplitude of GH regulated by the change in glu-
cose level, was non-significantly larger in microadenomas than 
macroadenomas; and ΔGHIO did not fluctuate in macroadeno-
mas during the two hours of the tests (Fig. 2A). This means the 
amplitude of GH under the effect of SST was smaller in mac-
roadenomas than microadenomas. It is because SST in mac-
roadenomas is unable to suppress GH secretion effectively due 
to their autonomous secretory capacity which surpasses the 
regulation by SST. On the other hand, a pituitary gland with a 
microadenoma would still possess a fair portion of normal tis-
sue where a hyperglycemia-induced SST response can exert its 
effect, though not enough to suppress GH production below 1 
μg/L. Thus, GH secretion in microadenomas should partially 
remain under the physiologic regulation of glucose, as seen by 
their higher ΔGHIO values compared with macroadenomas.. 
 Since glucose affects hypothalamic somatostatin release pos-
sibly through physiologic processes such as cholinergic path-
ways (6), it may be regarded as indirectly controlling GH secre-
tion. In contrast, octreotide binds to somatostatin receptors 
(SSTRs) and suppresses GH secretion (14), and thus could be 
regarded as exerting direct regulations on GH secretion with a 
much stronger suppressive effect than indirect mechanisms 
(glucose). In this sense, GH levels during the OST may repre-
sent the minimal capacity for GH secretion due to the direct 
suppressive effect of somatostatin analogues. Therefore, ΔGHOS, 
defined as the difference in GH levels between the OGTT and 
the OST, could be interpreted as a portion of GH secretion which 
exceeds regulation by the hyperglycemia-induced SST response. 
Our data demonstrated that overall ΔGHOS values between those 
with macroadenomas and microadenoma remained signifi-
cantly difference over the two hours of the tests (Fig. 2B), and 
thus macroadenomas are expected to contain a portion of GH 
secretion which surpasses the regulation by SST. This may be 
one of the reasons for higher basal GH levels and less suppres-
sion during the OGTT in macroadenomas compared with mi-
croadenomas. 
 In our study, 50% of macroadenoma patients were classified 
as responders to the OST, demonstrating sufficient suppression 

of GH secretion following an octreotide injection (Table 1). Bas-
al GH levels were significantly different between responders 
and non-responders, whereas IGF-I levels were similar between 
the two groups (Table 3). As shown in previous analyses (Table 
2), serum IGF-I levels did not differ according to the respond-
ing pattern after the OST (Table 3). This finding suggests that 
continuous secretion of GH, regardless of tumor size, should 
play a crucial role in maintaining high serum IGF-I levels. BMI 
also did not show any significant difference in either group. In-
terestingly, GH levels during the ITT were significantly lower in 
responders than in non-responders (Table 3 and Fig. 3A). It is 
postulated that higher expression of SSTRs in responders as re-
ported by Reubi and Landolt (15), may contribute to more sus-
tained SST and consequently greater suppression of GH secre-
tion in responders than non-responders. For the same reason, 
lower SST in non-responders may allow the GH secretion ex-
ceeding its regulatory capacity, as ΔGHOS between responders 
and non-responders was shown to be different with a near-sig-
nificant trend (Fig. 4B). 
 This study has several limitations. It is well known that GHRH 
or GH-releasing peptides (GHRPs) such as ghrelin are also close-
ly intertwined in the regulation of GH secretion (16, 17). How-
ever, GHRH and hypoglycemia may act on separate releasable 
pools of GH within the somatotroph population (5). GHRPs 
also stimulate GH production, but by virtue of enhancing pitu-
itary GH gene expression, and thus apparently independent of 
somatostatin (18). On the other hand, hypoglycemia may in-
hibit somatostatin release and presumably the SST response 
which in turn augments GH secretion and consequently raise 
the glucose level (5, 12). Thus, the GH secretory response in-
duced by a change in glucose levels may be more relevant to re-
flect the physiology of SST in tumoral status. GH-secreting cell 
subtypes (either densely or sparsely granulated somatotrophs) 
are another factors affecting to GH secretion but are not taken 
into account in this study. However, it was recently reported 
that different granulation patterns did not reflect distinct patho-
physiological entities in GH-producing pituitary adenomas (19). 
It should be also noted that most of macroadenomas in our 
study were classified as grade IV-C, IV-D or IV-E according to 
Hardy classification (Table 1). Such macroadenomas are more 
likely to accompany the suprasellar extension which could cause 
the pituitary stalk compression and consequently reduce the 
effect of SST. There must be further studies which could investi-
gate the relationship between SST and structural deformities in 
pituitary macroadenomas.
 In conclusion, as the size of the pituitary tumor increases, the 
effect of glucose on SST appears to be attenuated. Macroade-
nomas that are non-responders to the OST possesses a portion 
of GH secretion exceeding the range of regulation by SST. This 
is the first study to examine changes in SST of GH-producing 
pituitary tumors by the additional manipulation of test results 
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necessary to confirm the diagnosis of acromegaly. Though SST 
carries little weight in the diagnosis of acromegalic patients with 
GH-producing pituitary adenomas, its response in tumoral sta-
tus is believed to demonstrate significant tumoral characteris-
tics. The possible clinical utility of this method to evaluate SST 
will require additional studies with a larger number of patients.

ACKNOWLEDGMENTS

We would like to thank Mr. Ho Gang Chang and Ms. Yeon Soon 
Lee at the Research Institute of Endocrinology in Kyung Hee 
University Hospital for their help in collecting and managing 
the study samples.
 

DISCLOSURE

All of the authors have no conflicts of interest to disclose. 

REFERENCES

1. Lissett CA, Shalet SM. Management of pituitary tumours: strategy for 

investigation and follow-up. Horm Res 2000; 53: 65-70.

2. Mori R, Inoshita N, Takahashi-Fujigasaki J, Joki T, Nishioka H, Abe T, 

Fujii T, Yamada S. Clinicopathological features of growth hormone-pro-

ducing pituitary adenomas in 242 acromegaly patients: classification 

according to hormone production and cytokeratin distribution. ISRN 

Endocrinol 2013; 2013: 723432.

3. Lamberts SW, Uitterlinden P, Schuijff PC, Klijn JG. Therapy of acromeg-

aly with sandostatin: the predictive value of an acute test, the value of 

serum somatomedin-C measurements in dose adjustment and the defi-

nition of a biochemical ‘cure’. Clin Endocrinol (Oxf) 1988; 29: 411-20.

4. Colao A, Ferone D, Lastoria S, Marzullo P, Cerbone G, Di Sarno A, Lon-

gobardi S, Merola B, Salvatore M, Lombardi G. Prediction of efficacy of 

octreotide therapy in patients with acromegaly. J Clin Endocrinol Metab 

1996; 81: 2356-62.

5. Giustina A, Veldhuis JD. Pathophysiology of the neuroregulation of grow-

th hormone secretion in experimental animals and the human. Endocr 

Rev 1998; 19: 717-97.

6. Park C, Yang I, Woo J, Kim S, Kim J, Kim Y, Park S. Acute hyperglycemia 

and activation of the beta-adrenergic system exhibit synergistic inhibito-

ry actions on growth hormone (GH) releasing hormone-induced GH re-

lease. Eur J Endocrinol 2003; 148: 635-40.

7. Hartman ML, Pincus SM, Johnson ML, Matthews DH, Faunt LM, Vance 

ML, Thorner MO, Veldhuis JD. Enhanced basal and disorderly growth 

hormone secretion distinguish acromegalic from normal pulsatile growth 

hormone release. J Clin Invest 1994; 94: 1277-88.

8. Petersenn S, Quabbe HJ, Schöfl C, Stalla GK, von Werder K, Buchfelder 

M. The rational use of pituitary stimulation tests. Dtsch Arztebl Int 2010; 

107: 437-43.

9. Gilbert JA, Miell JP, Chambers SM, McGregor AM, Aylwin SJ. The nadir 

growth hormone after an octreotide test dose predicts the long-term effi-

cacy of somatostatin analogue therapy in acromegaly. Clin Endocrinol 

(Oxf) 2005; 62: 742-7.

10. Carrozza C, Lapolla R, Canu G, Annunziata F, Torti E, Baroni S, Zuppi C. 

Human growth hormone (GH) immunoassay: standardization and 

clinical implications. Clin Chem Lab Med 2011; 49: 851-3.

11. Hardy J. Transsphenoidal surgery of hypersecreting pituitary tumors. In: 

Kohler PO, Ross GT, editors. The diagnosis and treatment of pituitary tu-

mors. Amsterdam: Excerpta Medica, 1973, p179-98.

12. Cryer PE. Diverse causes of hypoglycemia-associated autonomic failure 

in diabetes. N Engl J Med 2004; 350: 2272-9.

13. Mancini A, Zuppi P, Fiumara C, Valle D, Conte G, Fabrizi ML, Sammar-

tano L, Anile C, Maira G, De Marinis L. GH response to oral and intra-

venous glucose load in acromegalic patients. Horm Metab Res 1995; 27: 

322-5.

14. Bruns C, Lewis I, Briner U, Meno-Tetang G, Weckbecker G. SOM230: a 

novel somatostatin peptidomimetic with broad somatotropin release in-

hibiting factor (SRIF) receptor binding and a unique antisecretory pro-

file. Eur J Endocrinol 2002; 146: 707-16.

15. Reubi JC, Landolt AM. The growth hormone responses to octreotide in 

acromegaly correlate with adenoma somatostatin receptor status. J Clin 

Endocrinol Metab 1989; 68: 844-50.

16. Ghigo E, Bellone J, Aimaretti G, Bellone S, Loche S, Cappa M, Bartolotta 

E, Dammacco F, Camanni F. Reliability of provocative tests to assess grow-

th hormone secretory status: study in 472 normally growing children. J 

Clin Endocrinol Metab 1996; 81: 3323-7.

17. Aimaretti G, Corneli G, Razzore P, Bellone S, Baffoni C, Arvat E, Cama-

nni F, Ghigo E. Comparison between insulin-induced hypoglycemia and 

growth hormone (GH)-releasing hormone + arginine as provocative tests 

for the diagnosis of GH deficiency in adults. J Clin Endocrinol Metab 1998; 

83: 1615-8.

18. Blake AD, Smith RG. Desensitization studies using perifused rat pitu-

itary cells show that growth hormone-releasing hormone and His-D-Trp-

Ala-Trp-D-Phe-Lys-NH2 stimulate growth hormone release through dis-

tinct receptor sites. J Endocrinol 1991; 129: 11-9.

19. Mayr B, Buslei R, Theodoropoulou M, Stalla GK, Buchfelder M, Schöfl 

C. Molecular and functional properties of densely and sparsely granu-

lated GH-producing pituitary adenomas. Eur J Endocrinol 2013; 169: 

391-400.


